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Stress Analysis of a Hydrostatically Pressurized Frustum of Axisymmetric Conical
Pressure Vessel
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ABSTRACT

Theoretical equations for hoop stress,

of an axisymmetric conical pressure vessel and a frustum of conical pressure vessel,

of which are pressuized by hydrostatic loading,

are derived from equilibrium equations.

longitudinal or meridian stress and Von Mises stress

both
The

membrane stresses computed by theoretical equations for a conical pressure vessel and a

frustum of conical pressure vessel are compared with the values obtained from finite elelment

method. Based on the fact that the computational values by theoretical equations are well

agreed with the finite element results,

derived equations are proved to be valid and it is

possible for those equations to be conveniently used for structural analysis or design of frustum

of conical pressure vessel which is a part of silo body.
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Fig. 1 Thin-walled axisymmetric shell subject to
internal pressure.

L
w. |
N> |
N
dan~
N T T ———
\ ~
~ T S Id‘t
\ ~
\f\
N
Y
\\
R N
~

3 — -

Fig.2 Membrane stress components of thin--
walled axisymmetric shell.
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Fig.3 Thin-walled conical shell subject to
hydrostatic loading.
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Fig. 4 Free boody diagram of a conical shell cut
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Fig.5 Frustum of conical shell subject to
hydrostatic loading.
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Fig.6 Free body diagram of frustum of conical
shell cut at (s+y) from an apex O’
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Teble 1. Geometrical dimensions and material
properties of FEM model for conical
shell subject to hydrostatic loading.
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Table 2. Comparison table of theoretical values and FEM results for membrane stress components
Vs,

Hefd - P - o] FE

height of conical shell subject to hydrostatic loading.

y o, (ton/cm?) 0, (ton/cm?) 0. {ton/cm?)
y/h
(om) Eq. (D) FEM Eq. (13) FEM Eq. (15) FEM

0 0 0 0. 0046 0 0. 0037 0 0. 0084
0.25 235.6 0.0729 0.0721 0. 0362 0. 0361 0. 0631 0. 0634
0.50 472.2 0.0972* 0. 0960 0. 0579 0. 0576 0.0847* 0. 0855
0.75 706.7 0.0729 0. 0720 0. 0651* 0. 0647 0. 0693 0.0726
1.0 942.3 0 0.0198 0. 0579 0. 0594 0. 0579 0. 0590
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Fig. 7 FEM model for conical shell subject to
hydrostatic loading.
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Fig.8 Deformed shape of conical shell subject
to hydrostatic loading.
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Fig.9 Hoop stress{s.) variation vs. height of
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Fig. 10 Longitudinal stress(c.) variation vs. height
of conical shell subject to hydrostatic
loading.
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Fig. 11 Equivalent stress(Von-Mises stress;s.)

variation vs. height of conical shell
subject to hydrostatic loading

ol Wl mE FFAS Wask a9 129 go) o
HEAZ 78 =Ho ok 27 138 4884 314
o gt ZFA A3Y GALIF A5FL wem
HEE ¥4 Jehith f@240M AgE 933
AFA g 8Ulel dy B4 ¥ JE¥xEE E 3%
2o B 3994 229 713 a3 59 BAE 759
wEs, Ex SAAFE Yl & Zo4u|E 9o
Lia=2d

Table 3. Geometrical dimensions and material
properties of FEM model for conical
shell subject to hydrostatic loading.
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hydrostatic loading.
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Fig. 13 Deformed shape of frustum of conical
shell subject to hydrostatic loading.
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Table 4. Comparison table of theoretical values and FEM results for membrane stress components

vs. height of frustum comical shell subject to hydrostatic loading .
( y+s )*. y o’ (ton/cm?) o’ (ton/cm’) o’ (ton/cm?)
h+s (om) Eq. (16) FEM Eq. (18) FEM Eq. (19) FEM
0.14 ] 0.0470 0. 0481 0 0. 0026 0. 0447 0. 0474
0.25 101.2 0. 0725 0.0717 0. 0234 0. 0234 0. 0637 0. 0637
0.50 337. 4 0. 0972 0. 0960 0. 0516 0.0513 0. 0855 0.0845 -
0.75 573.6 0.0730 0.0716 0.0610* 0. 0605 0.0710 0. 0702
1.0 809. 8 0 0.0188 0. 0548 0. 0566 0. 0607 0. 0536
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